Background: Magnetic resonance imaging (MRI) has been recognized as the imaging method for non-invasive evaluation of knee pathology, particular meniscus and ligaments. Objective: Compare the sensitivity, specificity, and accuracy of MRI in the detection of meniscal tears with arthroscopy. The location of meniscal tear was evaluated by studying three areas: anterior horn, body and posterior horn. Sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of the anterior horn, body, posterior horn and overall meniscus were calculated. Results: The sensitivity of MRI for detecting meniscal tears at the anterior horn, body, posterior horn, and overall medial meniscus was 42.9%, 87.5%, 94.1%, and 81.3%, respectively. The specificity was 95.0%, 84.2%, 81.8%, and 88.0%, respectively. The accuracy was 81.5%, 85.2%, 89.3%, and 85.4%, respectively. The PPV was 75.0%, 70.0%, 88.9%, and 81.2%, respectively. The NPV was 82.6%, 94.1%, 90.0%, and 88.0%, respectively. The sensitivity of MRI for detecting meniscal tears at the anterior horn, body, posterior horn and overall lateral meniscus was 0%, 100%, 85.7%, and 80.0%, respectively. The specificity was 100%, 100%, 90.5% and 97.2%, respectively. The accuracy was 96.0%, 100%, 90.5%, and 97.2%, respectively. The PPV was 100%, 75% and 80%, respectively. The NPV was 96.3%, 100%, 95.0%, and 97.2%, respectively. Conclusion: MRI is a helpful technique to detect meniscal tear with different sensitivity and accuracy on the meniscal location.
Magnetic resonance imaging (MRI) has been recognized as the best imaging method for noninvasive evaluation of knee pathology for two decades [1] [2] [3] . MRI can detect intra-articular soft tissue structures such as meniscus and other ligaments of the knee. Meniscal tears are a common abnormality that led to knee pain and is a frequent indication for knee arthroscopy [4] . Arthroscopy has been used as the gold standard and acts as reference in assessing other diagnostic tools. Previous literature reviewed accuracy of MRI in the evaluation of meniscal tears compared to arthroscopy. It ranged from 72.0-93.6% in lateral meniscal tears and 72.0-95.3% in medial meniscal tears [5] [6] [7] [8] [9] [10] .
In this study, we determined the accuracy of magnetic resonance imaging for the evaluation of meniscal tears performed at King Chulalongkorn Memorial Hospital. All patients underwent MRI and subsequent arthroscopy within one year. We analyzed the accuracy, common location and the common associated findings of meniscal tears.
Material and methods
This study was approved by the Ethics Committee of the Faculty of Medicine, Chulalongkorn University. The requirement for informed consent was waived.
We retrospectively reviewed case notes of patients who were diagnosed as meniscus tear by arthroscopy with preoperative MRI between January 2003 and June 2008. We excluded patients whose operative notes and/or magnetic resonance imaging were incomplete or missing and those who had a time interval between preoperative MRI and arthroscopy of more than one year.
Between January 2003 and June 2005, MRI was performed with a 1.5 Tesla Signa Horizon Echospeed MRI with a knee coil for eight patients. The studies consisted of sagittal oblique spin echo proton densityweighted (TR/TE, 2140/30), sagittal oblique spin echo T2-weighted (TR/TE, 2140/90), coronal oblique spin echo T1-weighed (TR/TE, 540/10), coronal oblique fast spin echo T2-weighted with fat suppression (TR/ TE, 5600/90), and axial fast spin echo proton densityweighted with fat suppression (TR/TE, 3600/13). MRI parameters were field of view, 14-16 cm; excitation range, 2-3; matrix size range, 256 x 192-224; section thickness, 4.0 mm; and inters lice gap, 2.0 mm.
In the remaining 19 patients, MRI was performed with a 1.5 Tesla Signa Excited HD MRI with a knee coil between July 2005 and June 2008. The studies consisted of sagittal oblique fast spin echo proton density-weighted (TR/TE, 3340/29.9), sagittal oblique fast spin echo T2 weighted with fat suppression (TR/ TE,4300/80.6), coronal fast spin echo T1-weighted (TR/TE, 500/16.7), coronal fast spin echo T2 weighted with fat suppression (TR/TE, 4220/89.3), coronal oblique MPGR (TR/TE, 700/17) and axial fast spin echo proton density-weighted with fat suppression (TR/TE, 2960/23.8). parameter were field of view, 16-18 cm; excitation range, 2-3; matrix size range, 320-384 x 192-256; section thickness, 3.5 mm; and inters lice gap, 0.5 mm.
A meniscal tear was identified by MRI as with the one following criteria:
1. High intrameniscal signal extending to the superior or inferior surface of meniscus.
2. Foreshortening or absence of meniscus with or without visualized displaced fragment.
The location of meniscal tears was dividing into three areas: anterior horn, body and posterior horn of lateral, and medial meniscus in magnetic resonance imaging and arthroscopy.
The imaging was retrospectively evaluated by a musculoskeletal radiologist and a third-year radiology resident without knowing the athroscopic findings.
Two experienced orthopedists performed the arthroscopic procedure. The meniscal tear was considered to be torn if the tear can be displaced by probing. After arthroscopy, the orthopedists or attending orthopedic residents recorded the appearance and location of meniscal tear and other important findings in the operative note. We collected the data from the operative notes, verbal report from attending orthopedists or attending orthopedic residents or intraoperaitve videotapes. We used the arthroscopy as the gold standard for the diagnosis of meniscal tears and for comparing the sensitivity of MRI. The MRI was considered true positive when it indicated meniscal tears and the tear is proven surgically and true negative when it indicates no tear and there is no tear on arthroscopy. It is false positive when it indicated tear and there is no tear on arthroscopy. It is false negative when it indicated no tear and there is tear on arthroscopy. From these results, sensitivity, specificity, accuracy, positive predictive value, and negative predictive value were calculated
Results
Twenty-seven patients were included in this study. Twenty-two patients were male and five patients were female. The age ranged from 18 to 74 years. The average age is 40.3 years. The MRI was completed between five days and 315 days before the arthroscopy (85.8 days in average).
We collected the data from operative notes for fifteen patients. In the rest 12 patients, we received the data from operative notes and verbal reports by the orthopedists or attending orthopedic residents. We also obtained additional intra-oprative videotapes of four patients.
MRI revealed 32 tears in the medial meniscus (76.0%) and 10 tears in the lateral menicus (24.0%) in twenty-seven patients. For 32 tears in medial meniscus, four were located at the anterior horn (10.0%), ten were located at the body (24.0%), and 18 were located at the posterior horn (43.0%). For ten tears in the lateral meniscus, two were located at the body (5.0%) and eight were located at the posterior horn (19.0%).
Arthroscopy revealed 32 tears of the medial meniscus (76.0%) and 10 tears of the lateral meniscus (24.0%) found in 27 patients. For 32 tears in the medial meniscus, seven were located at the anterior horn (17.0%), eight were located at the body (19.0%) and seventeen were located at the posterior horn (40.0%). 
MRI in the evaluation of meniscal tear
For ten tears in lateral meniscus, one was located at the anterior horn (2.0%), two were located at the body (5.0%) and seven were located at the posterior horn (17.0%).
Tears at the anterior horn of medial meniscus
In seven patients, seven meniscal tears were found on arthroscopy, while MRI found three meniscal tears only. There were four false negative meniscal tears. One of four false negative meniscal tears was described in the operative note as a minimal tear. In another patient, a meniscal tear was found as flap tear on MRI, but not found on arthroscopy. In the remaining nineteen patients, there was no meniscal tear on MRI or arthroscopy.
Tears at the body of the medial meniscus
In eight patients, eight meniscal tears were found on arthroscopy, while MRI found only seven meniscal tears only. There was one false negative meniscal tear. In three patients, three meniscal tears were found on MRI, but not on arthroscopy. These false positive tears are characterized as horizontal tears on MRI. In the remaining sixteen patients, there was no meniscal tear on MRI and arthroscopy.
Tears at the posterior horn of the medial meniscus
In 16 patients, 16 meniscal tears were found on both MRI and arthroscopy ( Fig. 1 and 2) . In one of these 16 patients, one more meniscal tear was found on arthroscopy, but not found on MRI. Therefore, there was one false negative meniscal tear. It was described as small oblique tear on arthroscopy. In two other patients, two meniscal tears were found on MRI, but not found on arthroscopy. Two false positive tears were characterized as a flap tear and a horizontal tear. In remaining nine patients, there was no meniscal tear on MRI and arthroscopy. The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of MRI for detecting medial meniscal tears are demonstrated in Table 1 . The sensitivity of MRI for detecting medial meniscal tears at the anterior horn, body, posterior horn, and overall medial meniscus is 42.9%, 87.5%, 94.1%, and 81.3%, respectively. The specificity is 95%, 84.2%, 81.8%, and 88%, respectively. The accuracy is 81.5%, 85.2%, 89.3%, and 85.4%, respectively. The PPV is 75%, 70%, 88.9%, and 81.2%, respectively. The NPV is 82.6%, 94.1%, 90%, and 88%, respectively.
Tears at the anterior horn of the lateral meniscus
In one patient, arthroscopy revealed one tear whereas MRI found no tear. This was a false negative meniscal tear. In another twenty-six patients, meniscal tear was not found in both MRI and arthroscopy.
Tears at the body of the lateral meniscus
In two patients, two meniscal tears were found on MRI and arthroscopy. In another twenty-five patients, meniscal tear was not found on MRI and arthroscopy.
Tears at the posterior horn of the lateral meniscus
In seven patients, seven meniscal tears were found on arthroscopy while MRI found only six tears (Fig. 3) . There was one false negative tear. In one of these seven patients, we also found another tear on MRI that was not found on arthroscopy. In another patient, one meniscal tear were seen on MRI while not seen on arthroscopy. In total, there were two false positive tears on the posterior horn of the lateral meniscus. These false positive tears were characterized as vertical longitudinal tears (and oblique tear. In the remaining nineteen patients, no meniscal tear was found on MRI and arthroscopy. 
MRI in the evaluation of meniscal tear
The sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) of MRI for detecting lateral meniscal tears are demonstrated in Table 2 . The sensitivity of MRI for detecting lateral meniscal tear at the anterior horn, body, posterior horn and overall lateral meniscus is 0%, 100%, 85.7% and 80.0%, respectively. The specificity is 100%, 100%, 90.5%, and 97.2%, respectively. The accuracy is 96.0%, 100%, 90.5%, and 97.2%, respectively. The PPV is -, 100%, 75.0%, and 80.0%, respectively. The NPV is 96.3%, 100%, 95.0%, and 97.2%, respectively.
Associated knee abnormalities on MRI findings that were identified included anterior cruciate ligament injury in 41.0% (11/27) , posterior cruciate ligament injury in 7.0% (2/27)medial collateral injury in 48.0% (13/27), joint effusion in 70.0% (19/27) , bone bruise in 33.0% (9/27), chondromalacia in 37.0% (10/27), meniscus cysts in 11.0% (3/27), discoid meniscus 7.0% (2/27), ganglion cyst in 7.0% (2/27) and baker cyst in 11.0% (3/27), meniscus extrusion in 4.0% (1/27).
Discussion
The meniscus protects the articular cartilage by acting as a buffer between the articular surfaces of the femur and tibia. The meniscus transmitted axial and torsional forces across the knee joint. The mobile menisci also transmit 50-90% of the load over the knee joint, depending on knee flexion angle, femoral translation, and rotation. The meniscus contributes to knee joint proprioception and probably to joint stability [11] .
Meniscus injury or meniscal tear could occur from traumatic event on the knee, such as twisting, squatting, or cutting. Other cause is normal force on a degenerated meniscus, which also results in meniscus tear. This type tend of injury tends to occur in older people [12, 13] According to the previous review [14] , the most common location of meniscal tears was the posterior horn of meniscus. In our study, we also found that the posterior horn of medial meniscus was the most common location of meniscal tear. The second most common location of meniscal tear was the body of the medial meniscus. The least common location is anterior horn of lateral meniscus.
Diagnosis of meniscal tear is based on clinical history, physical examination, plain radiography and MRI. In our knowledge, increased signal intensity extends to articular surface of meniscus, foreshortening of meniscus and displaced meniscal fragment was the MRI findings that diagnosed to meniscal tear [15] [16] [17] . Currently, MRI has proven to be accuracy in evaluating meniscal tear ranging from 72.0-93.6% in lateral meniscal tear and ranging from 72.0-95.3% in medial meniscus tear compare to arthroscopy [5] [6] [7] [8] [9] .
In our study, the sensitivity, specificity, and accuracy of the MRI was 81.3%, 88.0%, and 85.4% for the medial meniscus and 80.0%, 97.2%, and 95.1% for the lateral meniscus. This finding is consistent with other studies in previous mentioned literatures.
About the medial meniscus, the sensitivity of meniscal tear at anterior horn was lowest (42.9%), and at posterior horn was highest (94.1%). The specificity of anterior horn was highest (95.0%) and at posterior horn was lowest (81.8%). About the lateral meniscus, the sensitivity of meniscal tear at anterior horn was lowest (0%) and at body was highest (100%). The specificity of anterior horn and body was highest (100%) and at posterior horn was lowest (89.5%).
The zero percent of sensitivity of anterior horn at lateral meniscus may not be quite reliable because there was only one meniscal tear at that region. Our sample size was too small to detect sensitivity on anterior horn of lateral meniscus. Therefore, we rather believed that if there were more samples, sensitivity should increase.
According to Quin and Brown [18] , MRI can miss small meniscal tears. In our study, the two false negative tears at anterior horn of medial meniscus and at posterior horn of lateral meniscus were described on arthroscopy as small tears. We claimed these two false negative tears were caused by limitation of the MRI in the detection of small meniscal tear, similar to Quin and Brown. For the rest six false negative tears, there was no explanation about the size of meniscal tears on operative notes. However, we believe they are missed by MRI because their sizes were small. The low sensitivity of anterior horns of meniscus may due to these small missed tears, which tend to occur on anterior horn more than other location.
Most false positive tears in our study were found on the posterior horn of the meniscus (50%). This was similar to Mink et al. [19] . They reported 47 falsepositive results with MRI, 70% of which were in the posterior horn. Previous literature found two possible causes for these false-positive findings. The first cause may be that some meniscal tears are missed at arthroscopy. After reviewing arthroscopy videotapes, Quinn and Brown [18] noted that the arthroscopists often were unable to visualize directly areas of menisci that appeared to be torn on MRI images. These areas of the menisci could be evaluated only indirectly with a probe, and thus tears that were present and seen on MRI images may not be detected by the arthroscopist. A second cause for apparent false-positive findings on MRI images may be that healed tears can have persistent MRI signal that extends to the meniscal surface. According to Fischer et al. [20] , they found healed tears in seven menisci that had MRI signal contacting the meniscal surface. Other investigators have shown that surgically repaired menisci may have signals contacting the surface after the tear has healed [21, 22] . In our study, we found two false positive tears that characterized as flap tears with medially displaced of meniscal fragment. Berg et al. [23] explained cause of false positive of this type of tear. They suggested osteophytes, ligament fragments, and loose bodies may mimic displaced meniscal fragment.
About associated knee abnormality by MRI findings, joint effusion was the most common finding. The other common findings were anterior cruciate ligament injury, posterior cruciate ligament injury, medial collateral ligament injury, bone bruise, chondromalacia, meniscus cyst, discoid meniscus, ganglion cyst, and Baker cyst. These associated knee abnormality were also reported previously [15, [21] [22] [23] [24] [25] [26] [27] [28] .
Despite the fact that this study has a limitation due to small number of patients, we believe it could become a baseline and give guidance for further studies. 
Conclusion
Magnetic resonance imaging (MRI) was a helpful technique to detect meniscal tear depending on various sensitivity and accuracy from the meniscal location.
